The examiner has not shown that the claims in each species "ARE 
PATENTANLE (novel and unobvious) OVER EACH OTHER." Should the requirement 
for restriction be made final, the examiner is respectfully requested to rule that the claims 
in each species "ARE PATENTABLE (novel and unobvious) OVER EACH OTHER." 

The examiner has made no showing whatsoever that the inventions are 
INDEPENDENT. M.P.E.P. 803 provides, "If the search and examination of an entire 
application can be made without serious burden, the examiner must examine it on the 
merits, even though it includes claims to distinct or independent inventions." 

And M.P.E.P. 803.01 provides, "IT STILL REMAINS IMPORTANT FROM 
THE STANDPOINT OF THE PUBLIC INTEREST THAT NO REQUIEMENTS BE 
MADE WHICH MIGHT RESULT IN THE ISSUANCE OF TWO PATENTS FOR THE 
SAME INVENTION." 

The main inventive concept of this application is a non-linear (three-dimensional 
or two-dimensional) ion trap mass spectrometry. Furthermore three other dependent 
important concepts are: a) switching the ion trap between a three-dimensional mode and a 
two-dimensional mode by cutting the ring electrode into and operating on the multiple 
pieces; b) superimpose a DC octopole field on a main quadrupole field by cutting the cap 
electrodes into and operating on multiple pieces, c) operating the ion trap for ion mass 
analysis. These concepts work together to provide a complete analysis solution. 

Specifically, two further ion trap structures are disclosed implementing 
abovementioned concepts: 

I: A multiple electrodes ion trap which generates a DC octopole field being 
superimposed on the main RF quadrupole field. When operating as a three-dimensional 
ion trap, DC octopole field is constructed by cutting two cap electrodes. When operating 
as two-dimensional ion trap, DC octopole field is constructed by adding a set of small 
rods electrodes. With disclosed various operating methods and electronics layouts, the 
mass-ion can be analyzed and mass resolution can be improved, especially, when the ion 
trap structure and its operating method operate in lower vacuum conditions of 10" 2 -10 1 
mbar. 

II: A multiple electrodes ion trap which includes symmetrically cutting, in parallel 
to its central axis, ring electrodes. This ion trap can generate a three-dimensional ion trap 
or a two-dimensional multipole ion trap with various disclosed electronics layouts. With 
disclosed electronics designs, the ion trap can operate and switch in-between a three- 
dimensional mode and a two-dimensional multipole mode, which improves the ions 
trapping efficiency. 

Species I claims the main inventive concept embedded in structure I in general. 
Species III claims a three-dimensional ion trap version and mass-analysis method to 
realize structure I. Species IV claims another three-dimensional ion trap to realize 
structure I. Species V claims a two-dimensional ion trap version and mass-analysis 
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method to realize structure L Species VIII claims the electronics layouts for generating 
DC octopole field in structure I. Species VII claims a classical ion trap which is operated 
under lower vacuum condition of lO'MO" 1 mbar. 

Species II claims the structure II in general Species VI claims the specific 
embodiments to realize structure II. Species IX claims another embodiment to realize 
structure II. 

Manifestly, search and examination of the entire application can be made without 
serious burden because patents related to the claimed species are coherently connected 
and related to the same main fundamental inventive concept and its two specific 
structures implementing the main inventive concept. Accordingly, it is respectfully 
requested that the requirement for restriction be withdrawn. If the requirement for 
restriction is repeated, the examiner is respectfully requested to rule that all the different 
species ARE PATENTABLE (novel and unobvious) OVER EACH OTHER and explain 
why all the claims cannot be examined without serious burden. 
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AMENDMENT B 



To expedite the process, please amend the application as follows. This listing of 
claims will replace prior version, and listings, of claims in the application. It will make 
the amended claim listings to follow the same sole inventive concept: 

1. (Currently amended) An ion trap, comprising: a three-dimensional 
rotationally symmetric ring electrode and two cap electrodes with surfaces facing 
toward the inside of the ion trap, each said two cap electrodes being further 
composed of a plurality of component el e ctrod e s, the surfac e s of said ring 
e l e ctrod e and cap e l e ctrod e s b e ing shap e d to reduc e nonlinearitv a first cone 
electrode and a second disk electrode ; a first means for generating a time-varying, 
substantially quadrupole field, said means furth e r comp e nsating th e nonlin e arity 
induc e d quadrupole fi e ld distortion; m e ans for ions mas s analysis, said moan s 
utilizing th e nonlinearitv for providing high e r mas s resolving pow e r, a second 
means for generating an independent dipole field; a third means for generating an 
independent, electrically variable electrostatic multipole field. 



2. (Currently amended) An ion trap of claim 65 , comprising: a rotationally 
symmetric ring el e ctrod e cut, in parall e l to its c e ntral axis, into an ev e n numb e r, 
e qual or larg e r than four, of e qual parts and two cap e lectrodes with surfaces 
facing toward th e insid e of th e ion trap, said two cap e l e ctrod e being furth e r 
compos e d of a plurality of compon e nt e lectrod e s, th e surfac e s of said ring 
el e ctrode and cap e l e ctrodes b e ing shap e d to r e duc e nonlinearity; m e ans for 
e l e ctrically operating said e v e n numb e r of equal parts to switch said ion trap 
op e ration betw ee n a thr e e dim e nsional mode and a two dimensional mod e ; m e ans 
for g e n e rating a tim e varying, substantially quadrupol e fi e ld, said m e ans furth e r 
comp e nsating th e nonlin e arity induc e d quadrupol e fi e ld distortion wh e n said ion 
trap op e rating und e r th e thr ee dim e nsional mode; m e ans for g e n e rating a lin e ar 
RF multipol e fi e ld wh e n said ion trap operating und e r th e two dimensional mod e . 
wherein said ion trap further includes cutting the three-dimensional rotationally 
symmetric ring electrode, in parallel to its central axis, into an even number, equal 
or larger than four, of equal parts. 

3. (Currently amended) An ion trap of claim 1 , comprising: a thr ee 
dimensional, rotationally symm e tric ring el e ctrod e and two cap e l e ctrod e s with 
hyp e rbolic surfac e s facing toward the insid e of said ion trap, each of said two cap 
el e ctrod e s b e ing furth e r composed of a first hyp e rbolic con e e l e ctrod e and a 
second disk e l e ctrod e , wherein said first means includes a RF or periodic circuitry 
constructed and arranged for applying a RF or periodic voltage to said ring 
electrode to generate a main quadrupole field in said ion trap; said second means 
includes an AC circuitry constructed and arranged for applying an AC voltage to 
said disk electrodes of said two cap electrodes to generate a dipole field in said 
ion trap; said third means includes a DC circuitry constructed and arranged for 
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applying an DC voltage to said cone electrodes of said two cap electrodes to 
generate an electrically variable electrostatic octopole field in said ion trap. 

4. (Currently amended) An ion trap of claim 1 , comprising: a three 
dim e nsional, rotationally symm e tric ring e l e ctrod e and two cap el e ctrod e s , the 
surface of each one of the cap electrodes consists of first portion of spherical 
surface and a second portion of cone surface; the cross-sectional surface of the 
ring electrode consists of a portion of circle and two straight lines jointed in 
orthogonal to the circle; the surfaces of the two cap electrodes facing toward the 
inside of said ion trap. 

5. (Original) The ion trap of claim 4 wherein said cap electrodes being 
further divided into a plurality of sets of component electrodes. 

6. (Cancelled) 

7. (Currently amended) The ion trap of claim 5 furth e r comprising:, wherein 
said first means includes a RF or periodic circuitry constructed and arranged for 
applying a RF or periodic voltage to said ring electrode to generate a main 
quadrupole field in said ion trap; said second means includes an AC circuitry 
constructed and arranged for applying an AC voltage to a first set of said plurality 
of sets of component electrodes to generate a main dipole field in said ion trap; 
said third means includes a DC circuitry constructed and arranged for applying an 
DC voltage to a second set of said plurality of sets of component electrodes to 
generate an electrically variable electrostatic octopole field in said ion trap. 

8. (Currently amended) A two-dimensional ion trap of claim 67 , comprising: 
two trapping plates located in the two terminals of the ion trap device; a set of 
four predetermined surface-shaped rods located in the center; a set of electrodes 
located between the set four predetermined surface-shaped rods; a control 
circuitry for applying a predetermined voltage to said two trapping plates. 

9. (Original) The ion trap of claim 8 further comprising a set of short 
quadrupole rods located between said predetermined surface-shaped rods and said 
two trapping plates. 

10. (Original) The ion trap of claim 8 wherein said a set of electrodes being 
further composed of a set of four smaller diameter's cylindrical rods. 

1 1 . (Original) The ion trap of claim 8 wherein said a set of electrodes being 
further composed of a set of four slice electrodes. 

12. (Currently amended) The ion trap of claim 8 furth e r comprising: wherein 
said first means includes a RF circuitry constructed and arranged for applying a 
RF voltage to said set of four predetermined surface shaped rods to generate a 
main two dimensional quadrupole field; said second means includes an AC offset 
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circuitry constructed and arranged for applying an AC voltage to a pair of said set 
of four predetermined surface shaped rods to generate a main dipole field; said 
third means includes a DC circuitry constructed and arranged for applying a DC 
voltage to said set of electrodes to superimposes a two dimensional electrically 
variable electrodes octopole field within said two dimensional quadrupole field. 

13. (Original) The ion trap of claim 8 wherein said predetermined surface- 
shaped is quadrupole surface-shaped. 

14. (Original) The ion trap of claim 8 wherein said predetermined surface- 
shaped is cylinder surface-shaped. 

15. (Original) A tandem mass spectrometers, comprising: a collision cell to 
perform mass fragment, said collision cell having the structure of ion trap as in 
claim 8. 

16. (Cancelled) 

17. (Currently amended) The ion trap of claim 46 2 wherein said plurality of 
even number of component electrodes being equally divided. 

1 8. (Currently amended) The ion trap of claim 46 2 wherein said plurality of 
even number of component electrodes being unequally divided. 

19. (Currently amended) The ion trap of claim 4-6 2 wherein said plurality of 
even number of component electrodes being symmetrically divided. 

20. (Currently amended) The ion trap of claim 46 2 wherein said plurality of 
even number of component electrodes being non-symmetrically divided. 

21 . (Original) The ion trap of claim 1 7 wherein said even number is chosen 
from the group of four, six and eight. 

22. (Currently amended) The ion trap of claim 46 2 wherein said mechanism 
constructed and arranged to apply a RF or periodic voltage, with identical polarity 
or phase, to said plurality of even number of component electrodes to operate said 
ion trap under the three-dimensional quadrupole ion trap mode. 

23. (Currently amended) The ion trap of claim 46 2 wherein said plurality of 
even number of component electrodes being grouped into a first set composed of 
odd numbered component electrodes and a second set composed of even 
numbered component electrodes, said mechanism constructed and arranged to 
apply a first RF or periodic voltage to the first set electrodes, and a second RF or 
periodic voltage to the second set electrodes, to operate said ion trap under the 
two-dimensional linear ion trap mode; the first and second RF or periodic 
voltages having opposite polarities or phase deference of 180 degree. 
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24. (Currently amended) The ion trap of claim ±6 65 wherein said mechanism 
being an electrical switching device. 

25. (Currently amended) The ion trap of claim 44 2 wherein said ion trap 
operates to trap external inlet ions under the two-dimensional linear ion trap 
mode. 

26. (Currently amended) The ion trap of claim 4-6 2 wherein said ion trap 
operates to analyze the trapped ion-mass under the three-dimensional quadrupole 
ion trap mode. 

27. 28. (Cancelled) 

29. (original) A method of operating an ion trap in claim 3, comprising: 
keeping amplitude and frequency of the RF voltage or amplitude and period of the 
periodic voltage at predetermined values; simultaneously sweeping or scanning 
the amplitude of the DC voltage and the amplitude and frequency of the AC 
voltage vs. time to eject ion mass from the ion trap one after another. 

30. (original) A method of operating an ion trap in claim 7, said method 
comprising: keeping amplitude and frequency of the RF voltage or amplitude and 
period of the periodic voltage at predetermined values; simultaneously sweeping 
or scanning the amplitude of the DC voltage and the amplitude and frequency of 
the AC voltage vs. time to eject ion mass from the ion trap one after another. 

3 1 . (original) A method of operating an ion trap in claim 12, said method 
comprising: keeping amplitude and frequency of the RF voltage or amplitude and 
period of the periodic voltage at predetermined values; simultaneously sweeping 
or scanning the amplitude of the DC voltage and the amplitude and frequency of 
the AC voltage vs. time to eject ion mass from the ion trap one after another. 

32. (Cancelled) 

33. (original) A method of operating an ion trap in claim 3, said method 
comprising: keeping the frequency of the RF voltage or the period of the periodic 
voltage and the frequency of the AC voltage at predetermined values; 
Simultaneously sweeping or scanning the amplitudes of the RF voltage or the 
periodic voltage, the AC voltage and the DC voltage vs the time to eject ion mass 
from the trap one after another. 

34. (original) A method of operating an ion trap in claim 7, said method 
comprising: keeping the frequency of the RF voltage or the period of the periodic 
voltage and the frequency of the AC voltage at predetermined values; 
Simultaneously sweeping or scanning the amplitudes of the RF voltage or the 
periodic voltage, the AC voltage and the DC voltage vs the time to eject ion mass 
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from the trap one after another. 

35. (original) A method of operating an ion trap in 12, said method 
comprising: keeping the frequency of the RF voltage or the period of the periodic 
voltage and the frequency of the AC voltage at predetermined values; 
Simultaneously sweeping or scanning the amplitudes of the RF voltage or the 
periodic voltage, the AC voltage and the DC voltage vs the time to eject ion mass 
from the trap one after another. 

36. (Cancelled) 

37. (original) A method of operating an ion trap in claim 3, said method 
comprising: setting the frequency of the AC voltage to zero; setting the amplitude 
of the AC voltage to be different from the amplitude of the DC voltage or zero; 
keeping the frequency of the RF voltage or the period of the periodic voltage at 
predetermined value; Simultaneously sweeping or scanning the amplitudes of the 
RF voltage and DC voltage vs. time to eject ion mass from the trap one after 
another. 

38. (original) A method of operating an ion trap in claim 7, said method 
comprising: setting the frequency of the AC voltage to zero; setting the amplitude 
of the AC voltage to be different from the amplitude of the DC voltage or zero; 
keeping the frequency of the RF voltage or the period of the periodic voltage at 
predetermined value; Simultaneously sweeping or scanning the amplitudes of the 
RF voltage and DC voltage vs. time to eject ion mass from the trap one after 
another. 

39. (original) A method of operating an ion trap in claim 12, said method 
comprising: setting the frequency of the AC voltage to zero; setting the amplitude 
of the AC voltage to be different from the amplitude of the DC voltage or zero; 
keeping the frequency of the RF voltage or the period of the periodic voltage at 
predetermined value; Simultaneously sweeping or scanning the amplitudes of the 
RF voltage and DC voltage vs. time to eject ion mass from the trap one after 
another. 

40. (Cancelled) 

41. (Original) The ion trap of claim 3 wherein said DC circuitry is controlled 
to adjust said electrically variable electrostatic octopole field to compensate 
distortion of said quadrupole field. 

42. (Original) The method of claim 29 wherein said ion trap is sealed in a 
vacuum chamber which is further pumped by a vacuum pump to provide a 
predetermined level of gas pressure in the trap, the method further adjusts the RF 
voltage, the DC voltage and the AC voltage along with the gas pressure in the trap 
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to eject the ions of the ion trap with maximum or near optimal jumping distance 
to optimize the mass resolving power. 

43. (Original) An ion trap system, comprising: an ion trap as in claim 3, sealed 
within a vacuum chamber being pumped by a vacuum pump to provide gas 
pressure in the ion trap. 

44. (Original) An ion trap system, comprising: an ion trap as in claim 7, sealed 
within a vacuum chamber being pumped by a vacuum pump to provide gas 
pressure in the ion trap. 

45. (Original) An ion trap system, comprising: an ion trap as in claim 12, 
sealed within a vacuum chamber being pumped by a vacuum pump to provide gas 
pressure in the ion trap. 

46. (Cancelled) 

47. (Original) The ion trap system of claim 43 wherein said vacuum chamber 
having vacuum in the range between 10.sup.-2 to 10.sup.-l mbar. 

48. (Original) The ion trap system of claim 43 wherein said DC circuitry 
being constructed and arranged for applying an DC voltage to adjust the intensity 
of said electrically variable electrostatic octopole field in said ion trap to optimize 
the mass resolving power when said gas pressure is higher. 

49. (Original) A method for providing ions into ion trap system of claim 43, 
comprising: introducing gas-phase molecules through a membrane into an 
ionization area; ionizing said gas-phase molecules by a radioactive Ni beta source 
or multi-photon ionization of laser. 

50. (Original) The ion trap system of claim 44 wherein said vacuum chamber 
having vacuum in the range between 10. sup. -2 to 10.sup.-l mbar. 

5 1 . (Original) The ion trap system of claim 44 wherein said DC circuitry 
being constructed and arranged for applying an DC voltage to adjust the intensity 
of said electrically variable electrostatic octopole field in said ion trap to optimize 
the mass resolving power when said gas pressure is higher. 

52. (Original) A method for providing ions into ion trap system of claim 44, 
comprising: introducing gas-phase molecules through a membrane into an 
ionization area; ionizing said gas-phase molecules by a radioactive Ni beta source 
or multi-photon ionization of laser. 

53. (Original) The ion trap system of claim 45 wherein said vacuum chamber 
having vacuum in the range between 10.sup.-2 to 10.sup.-l mbar. 
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54. (Original) The ion trap system of claim 45 wherein said DC circuitry 
being constructed and arranged for applying an DC voltage to adjust the intensity 
of said electrically variable electrostatic octopole field in said ion trap to optimize 
the mass resolving power when said gas pressure is higher. 

55. (Original) A method for providing ions into ion trap system of claim 45, 
comprising: introducing gas-phase molecules through a membrane into an 
ionization area; ionizing said gas-phase molecules by a radioactive Ni beta source 
or multi-photon ionization of laser. 

56. (Cancelled) 

57. (Cancelled) 

58. (Cancelled) 

59. (Original) An ion trap system, comprising: A three-dimensional ion trap, 
said ion trap being sealed within a vacuum chamber, said vacuum chamber has 
vacuum in the range between 10.sup.-2 to 10.sup.-l mbar. 

60. (Original) The ion trap system of claim 59 wherein said three-dimensional 
ion trap is a Paul trap. 

61. (Original) A three-dimensional ion trap, comprising: A set of cap 
electrodes, each of said cap electrodes being further divided into a predetermined 
number of component electrodes having predetermined shape, a DC circuitry 
constructed and arranged for applying an DC voltage to a pair of said component 
electrodes of said cap electrodes to generate an independent electrically variable 
electrostatic octopole field in said ion trap. 

62. (Original) An ion trap, comprising: a ring electrode, the ring electrode 
being divided, in parallel to its central axis, into a plurality of even number of 
component electrodes, said component electrodes being electrically isolated from 
each other; a mechanism constructed and arranged for switching said ion trap to 
operate between a three-dimensional quadrupole ion trap mode and a two- 
dimensional linear ion trap mode. 

63. (Original) The ion trap of claim 62 wherein said ring electrode is a 
cylindrical ring electrode. 

64. (New) The ion trap of claim 1 wherein said ion trap further includes 
operating means for ions mass analysis, said means utilizing the independent, 
electrically variable electrostatic multipole filed. 



10 



65. (New) The ion trap of claim 1 wherein said ion trap further includes a 
mechanism for electrically switch said ion trap to operate between a three- 
dimensional mode and a two-dimensional mode. 

66. (New) An ion trap of claim 2, said means for electrically switch includes 
operating said even number of equal parts to switch said ion trap operation 
between a three-dimensional mode and a two-dimensional mode and wherein said 
ion trap further includes means for generating a linear RF multipole field when 
said ion trap operating under the two-dimensional mode. 

67. (New) A two-dimensional ion trap, comprising: a first means for 
generating a time- varying, two-dimensional substantially quadrupole field, a 
second means for generating an independent dipole field; a third means for 
superimposing an independent, two-dimensional electrically variable electrostatic 
multipole field. 
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